Heating mixtures of sodium nitrite, cysteine, and either ferrous sulfate or ferric chloride at 121 C for 20 min at pH 6.5 or 6.3 produced a potent inhibitor of Clostridium perfringens vegetative cells and spores when added to previously heat-sterilized fluid thioglycolate medium. When the mixtures containing FeSO4 at pH 5.2 or FeCl3 at pH 2.7 were heated, the inhibitory effect was not produced. These responses seem to eliminate the possibility that cysteine nitrosothiol is the agent responsible for the heated-nitrite inhibition known as the Perigo effect. The variable pH responses also cast doubt upon the role of the black Roussin salt as the agent of the Perigo effect.
The unusual inhibitory action against clostridia that results from the heating of nitrite with a microbiological medium was first reported by Perigo et al. (6) and has since been commonly referred to as the "Perigo effect." Several investigators (5, 6, 8) demonstrated that after the heating process, more than 20 times less nitrite was required to inhibit the test organisms, in comparison to unheated nitrite or nitrite heated separately and then added to the medium. These same investigators demonstrated that reduced pH greatly increased the inhibitory capacity of unheated nitrite but only slightly affected the nitrite heated in the medium.
Riha and Solberg (7, 8) concluded that the Perigo effect was not due to a nutritional deficiency in the medium but rather to the formation of an inhibitory substance. It has been suggested that the combination of cysteine, ferrous ions, and nitrite may be involved in the formation of a complex that gives responses similar to those observed for the Perigo effect (7). The defined medium used by Riha and Solberg (7, 8) contained iron, cystine, and nitrite and demonstrated the Perigo effect.
This study was designed to evaluate all combinations of fluid thioglycolate medium (FTM), which is similar to the medium originally used by Perigo et al. (6) , with nitrite, cysteine, and both ferrous and ferric ions added to determine the relationship of these substances to the Perigo effect. 
MATERIALS AND METHODS
Test organism. Clostridium perfringens ATCC 3624 was used throughout the study. Stock cultures were maintained in cooked meat medium (Difco), stored at refrigerated temperature. The culture was transferred to FTM (Difco) at 30-day intervals, incubated for 12 to 18 h at 43 + 2 C in a water bath, transferred to fresh cooked meat medium, incubated for 24 h, and finally returned to storage.
The inoculum was prepared by culturing the organism in FTM at least twice for 12 to 18 h followed by a 6-h incubation in the same medium at 43 + 2 C in a water bath, before centrifugation and the suspension of the pellet in 0.1% peptone-water.
Pour plate counts were made from serial dilutions in peptone-water on tryptose sulfite cycloserine agar (3). Plates were incubated at 37 C for 24 h in Anaero-Jars (Case Laboratories, Inc., Chicago) in a nitrogen atmosphere.
Spores of C. perfringens were prepared by the method of Goodenough and Solberg (2) tives (experiments 4 through 8, Table 2 ). Experiment 3 demonstrates the absence of inhibition when the NaNO2 was sterilized separately and then added to the FTM. Table 2 demonstrates an apparent difference between the relatively pH-independent Perigo effect of experiment 2 and the apparently pHdependent effect of the heat-sterilized combinations of NaNO2, cysteine, and FeSO4 and NaNO2, cysteine, and FeCl3 represented in experiments 9 and 10. The sterilization of the additive component mixtures for the growthsupporting challenge medium took place at pH 5.2 for the FeSO4-containing mixture and at pH 2.7 for the FeCl3-containing mixture. These heat treatment pH levels were considerably below the preadjusted pH levels of the other challenge media that demonstrated inhibition. DISCUSSION Perigo et al. (6) reported slightly greater inhibition from NaNO2 heated in a complex medium as the pH dropped from 8.0 to 5.4. Solberg and Riha (8) confirmed this observation when they reported a slightly increased inhibitory effect that could be attributed to the pH drop from 7.2 to 6.3 in a heated defined medium containing NaNO2. Experiments 9 and 10 in Table 2 showed an opposite response, since the pH at which the components were reacted was 5.2 for experiment 9 and 2.7 for experiment 10 before their introduction to FTM to give a final pH of 6.7. When the final medium pH values were 6 the hypothesis that either nitrosothiol or the black Roussin salt is the agent causing the Perigo effect. Saville (10) reported complete reaction to nitrosothiol between NaNO2 and cysteine at pH 2.0, with less interaction as the pH increased. Therefore, if cysteine nitrosothiol were the inhibitor, the response in experiments 9 and 10 would have been reversed. These results are not in agreement with those presented by Incze et al. (4) concerning the inhibitory effects of cysteine-nitrosothiol. Information presented in Table 1 demonstrates the absence of inhibition due to NaNO2 heat-sterilized with cysteine, thus further negating the role of cysteine nitrosothiol as the inhibitor.
The data of experiments 9 and 10 also offer evidence contraindicative to the possibility that the classical black Roussin salt, as suggested by van Roon (9), may be the causative agent of the Perigo effect. Since the black Roussin salt is only formed in the presence of ferrous ions, the demonstrated inhibition due to ferric ions in experiment 10 seems to eliminate this substance as a possible causative agent. Although it may be argued that ferrous ions could be oxidized to ferric ions at pH 5.2 due to the presence of HONO that would be formed from the NaNO2, the presence of cysteine would tend to prevent the oxidation. If the ferrous ions were converted to ferric ions, it might explain the results of the pH 6.7 challenge data since no black Roussin salt would be formed in the absence offerrous ions. This would not explain the results in the pH 6.3 or 6.1 challenge media. It is very unlikely that ferric ions would be reduced to ferrous ions at pH values from 6.1 to 6.5 in the presence of cysteine and NaNO2. Such a reaction could occur if hydroxylamine were formed, but hydroxylamine in the presence of cysteine would be rapidly converted to HONO that would drive the reaction toward ferric ions. Thus, there seems to remain a reasonable certainty that ferric ions can form the inhibitor observed in experiments 9 and 10 of Table 2 .
Additional evidence supporting the hypothesis that the Perigo effect is not resultant from the formation of the black Roussin salt may be derived from the report by Ashworth et al. (1) , which indicated little, if any, inhibitory activity from the diethyl ether extracts of Perigo medium (6) heated with NaNO2 against microorganisms that are strongly inhibited by both the black Roussin salt and the diethyl ether extract of a heated mixture of cysteine, NaNO2, and FeSO4.
It is evident that combinations of NaNO2, cysteine, and either FeSO4 or FeCl3, when heated at pH levels of 6.3 to 6.5, produce a potent inhibitor of C. perfringens vegetative cells and spores. The inhibitor formed appears to be different from the illusory inhibitor that causes the Perigo effect, but further studies, including the stoichiometry of the systems, appear to be needed before any truly conclusive statements can be made.
